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Art. XXIV. — On the Separation and AnaLyi^is of 
Alinerals in the Dacite of Mount Dandenomj, Victoria. 

By iIBNRY 0. RICHARIXS, B.Sc., 

Ciirolino Kay Scholar in Geology, Mell)Ourno University. 

[Read lOth December, 19JS]. 

Introductiox. 

As no information was available regarding the composition of * 
the minerals of variable composition in the dacites of Victoria, 
it was suggested by Professor Skeats that this work should be 
undertaken ; and it was hoped that thereby some light would 
be thrown on the relation existing between these minerals in 
the normal dacite, and in the gneissic rocks which he has 
discovered in contact with the dacite in the Dandenong ranges. 

Very little in the way of determining the composition of 
Victorian rock-forming minerals seems to have been done, and 
the only record I can tind of an analysis of a ferro-magnesian 
mica is one done by the late Dr. Howitt and published in his 
])aper on the ‘‘ Rocks of Xoyang.’'t 

The objects of this research work can be tabled under three 
heads; — 

i. To se}>arate the minerals Biotite, Ilypersthene and 

Ilnienite from the rock. 

ii. To analyse them and make a bulk analysis of the rock. 

iii. To see what light chemical evidence would throw on 

the jirobable formation of secondary minerals in the 

rock. 


The Dacite. 

The sample used in this work was obtained from a quarry 
alongside the railway line, a little on the Ferntree Gully side of 
Upwey station, on the Gembrook line, and is believed to be a 


l I’ror. Roy. Soc. N'ictoria, vol. \x., |>. ’24. 
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representative .saiiiiilo of tlic normal dacite in that area. It is a 
dark-ffrej-, and very hard eonipaet porphyritie roek. In the 
hand specinien phenoery.sts of a. dark-brown mica, biotite, in 
tvell-fornied lie.vagonal Hakes, can be seen, also phenoeiwsts of 
felspai, but further than that little else can be observed inega- 
seopicall}'. bnder the ini.scroscope in thin sections one can see 
abundant phenoerj-sts of ])lagioclase, generally with regular out¬ 
lines, and very often zoned, dark-brown biotite, pale-green 
hypersthene, quartz very occasionally, and an opaque mineral 
which may be either magnetite or ilmenite. all set in a fine- 
irrained crystalline groundinass of quartz, felspar and biotite. 

Of the minerals in the rock the plagioclase felspars can be 
determined optically by the Michel-Le\y method, and so definite 
compositions assigned to them ; but it is necessary to separate 
and chemically analyse the minerals biotite, hypersthene, and 
the opaque mineral in order to learn their compositions. ’ 

The proportions of the iihenocrysts and groundmass arc 
about equal, and as the average diameter of the former i.s only 
.1 mm., it was seen that the separation of them in suflicient 
quantity and in a pure enough state for a chemical analysis 
would be cl matter of some difficulty. 

Method.^ of Separation Adopted. 

The minerals to be separated are all iron-bearing, so that 
the electro-magnet suggested itself as a means to the desired 
end ; accordingly one as described by T. Crook.i of the Imperial 
Institute. Loiidon, wa.s used. 

By a combination of the electro-magnet with the use of heavy 
li<iuids and various shaking devices, and finally picking with a 
wet brush underneath the microscope, the minerals were ob¬ 
tained pure enough for chemical analysis. 

The electro-magnet consists of a cylindrical piece of soft iron. 

1 inch in diameter, bent into U shape and having vertical limbs 
about (i in. long and 3 in. apart. Eacb limb is" provided with 
a liobhin on which is wound seven layers of insulated wire (Ul 
gaii^e), each layer having about 10 turns. Two pole pieces, 

1 “The Vise of tlie Electro- Ma-net io l‘etio-iaphy,‘' hr T. Crook, .A.K.C.Sc.I VG S 
Science Pro^n-ess, No. 5, .hily, 1907. * ’ 
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coiiRistiii^' of soft iron about 1|- iin wide and in. thick, are 
slotted so as to move over screw-clamps which fit into the ends 
of the limbs. By this means the pole-pieces can be adjusted 
in any desired ])osition. 

The electro-magnet is connected with the ordinary lighting 
circuit of 200 volts alternating current, the latter being con¬ 
verted into direct current by means of a Xoden-valve arranged 
by Mr. Grayson, of the Geological Department. Suitable resist¬ 
ances were obtained by means of ordinary incandescent lamps, 
6 of which, of varying capacities, were used, giving an amperage 
ranging from ^ amp. to 3 am|)S., the voltmeter indicating 10 
volts for the latter value. 

Prefaratiov of the Sample. 

The fresh representative sample was first crushed into pieces 
about the size of peas by means of a small jaw-crusher, this 
material was then crushed up in a steel mortar, so that it would 
pass through a sieve with openings about .2 mm. square (20 
sieve), but remain on a 40 sieve with apertures about .1 mm. 
sq. This size was found most convenient for the separation of 
the larger Hakes of mica. After the mica had been removed 
from this it was furtlier crushed so as to be caught on a 60-sieve 
with apertures .06 mm. sq. 

The larger size was more convenient for the separation of the 
mica, while the smaller size was required for the hypersthene. 


Separatiox of the Mixerals. 

It was found that the se})aration of the mica from the 
hypersthene by means of a magnet could not be done very 
satisfactorily, but in transferring the powders in cardboard 
boxes it Avas noticed that the tlaky biotite had a tendency to 
stick to the bottom of the l)ox, while the other rounded grains 
rolled off easily. This ]»eculiariiy of the mica was utilised, and 
])roved es])ecially valuable, for while the magnet served to sepa¬ 
rate the mica and hyperstliene from the other minerals in the 
rock, the gentle shaking in cardi)oard boxes Avith one end cut 
UAvay, served to separate the mica from the hypersthene. 


MuK^rals tv IkirUt*. 
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Mica. Hy means of a bar-magnet all the steel splinters off 
tlie mortar, and grains of opaque material that would come out 
were removed : then the powder was subjected to tlie electro¬ 
magnet with the pole-]»ieces 4 mm. apart, and all the material 
which would come out while 3 amperes were run through the 
magnet was removed. 

This magnetic material was made up of free grains of biotite, 
hy]>ersthenp, and conipo.site gi*ains of either or l)otli t-be.sc^ minerals 
with felspar and (juartz, or with the magnetic opaque material, 
lly gentle shaking of the cardboard boxes held at a slight angle 
and with one end cut away, the biotite was separated from the 
other material, small lots being treated at a time and given 
several shakings. 

Tly means of Sonstadt’s heavy licpiid of Spec. Gr. about 3, 
used with a Sollas Separator, the free biotite was separated 
from most of the other material, only a few composite grains of 
hypersthene and iiiica coming down also. The material was 
then washed and dried, and the com])Osite grains ])ickcd out 
with a fine wet brush underneath the low power of the micro¬ 
scope. This was a very la})orious process, but only in this way 
could quite pure material suitable for analysis be obtained. 

Hypersthene .— The ])Owder whose grains were about .1 mm. 
in diameter was used for obtaining this mineral. With a volt¬ 
age of 10 (3 amperes) and pole-pieces 4 mm. apart, the mag¬ 
netic material, wliich separated readily, was removed by the 
electro-magnet. On breaking the circuit a certain amount of 
material still adhered to the pole-]neces. and was jiiade up of 
small steel sjdinters from the mortar, fi'agments of ilmenite 
and leucoxene. and in some cases pieces of quartz or felspar 
containing inclusions of the opaque mineral. The magnetic 
material separated as above contained grains of hypersthene, 
biotite, ilmenite, quartz and felspar containing magnetic inclu¬ 
sions, and a fair amount of composite grains of the above 
minerals. 

Under the microscope ii was noticed that hypersthene grains 
very often enclosed large patches of the o])a(|ue material. 

By means of card-shaking the biotite was removed almost 
completely. The remaining material was then subjected to a 
voltage of 3 with pole-pieces 4 mm. apart, the material removed 
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in this way was seen to be largely the opaque mineral, hyper- 
sthene containing large inclusions of the former mineral, leu- 
coxene, and quartz and felspar containing magnetic inclusions. 
The voltage was then increased to 10 (3 amps.), and all the 
material was picked up with the exception of a few quartz and 
felspar grains, and several small flakes of biotite. 

By means of Sonstadt's solution of Spec. Gr. 3, used with a 
Sollas Separator, a practically pure hypersthene product was 
obtained, the quartz and felspar being removed with the excep¬ 
tion of a few composite grains, which were easily picked out 
with a wet brush. 

An examination of the hypersthene under the microscope 
detected opaque material in nearly every grain, so with a view 
to getting rid of as much as possible of this it was ground 
finer in an agate mortar, and subjected to 4 volts, with pole- 
pieces 4 mm. apart. A good deal of magnetic opaque material 
was removed thus. After picking over with a wet brush under 
the microscope, this mineral was ready for chemical analysis. 

Ilmenite .—An attempt was made to separate this from the 
rock powder by the magnet, but as it is present to the extent of 
only one per cent., is largely included in other minerals, and is 
in such small grains it would have been a lengthy process to 
separate enough for a chemical analysis. The separation has 
been done by nature, however, and some of the material as it 
occurs in the stream sands in the dacite area was obtained. 
It is remarkably fresh, and although the sample was not 
obtained from exactly the same locality as the rock sample, it 
is believed that its composition is similar to that contained in 
the material used for separation and analysis. 


Analyses of Rock and Minerals. 

Besides analyses of the three minerals of variable composition 
in tho rock, one was made of the rock itself. All the analyses 
were made in duplicate with the exception of that of the 
ilmenite. Agreement between the duplicates was satisfactory, 
and the analyses appended below are those of <uie of the du})li- 
cates and not the mean of twe^ determinations. 
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Ana ly.ses 

OF Da CITE AND 

.Minerals. 




Actual 

Analyses. 


Calculated. 


A 

B 

c 

d" 


F 

SiO., 

63.27 

39.86 

50.42 


40.04 

55.23 

AlA 

1G.50 

11.13 

4.06 


11.17 

4.44 

FeaOg 

0.68 

1.39 

2.10 

none 

1.39 

2.30 

¥eO 

5.10 

18.10 

23.54 

31.92 

18.18 

22.34 

MgO 

2.48 

9.88 

13.04 

0.80 

9.92 

14.27 

CaO 

4.18 

si. tr. 

1.30 


.sl.tr. 

0.24 

Xa,0 

2.36 

0.35 

tr. 


0.35 

tr. 

K,0 

2.68 

6.73 

0.69 


6.75 

0.76 

11,0 + 

0.52 

3.20 

0.06 


3.21 

0.06 

ILO - 

0.09 

0.43 

0.10 


0.43 

0.11 

CO, 

none 

none 

none 


none 

none 

TiO, 

1.30 

7.95 

3.51 

67.28 

7.98 


i\o. 

0.15 

tr. 

0.92 


tr. 


S(FeS.,) 

0.16 






ilnO ■ 

0.03 

0.58 

0.24 

tr. 

0.58 

0.25 

1-11,0 

tr. 

str. tr. 



str. tr. 


Total 

- 99.50 

99.60 

99.98 . 

100.00 

100.00 

100.00 

Sp. Gr. 

2.76 

3.16 

3.36 

4.86 




A “ Dcacite. 

B “ Biotite. 

C — Hypers tliene. 

D = TImenite. 

E = Biotite analysis calculated to 100 per cent. 

F = Hypersthene witli PoO^ removed as Apatite and TiO., as 
TImenite, and calculated to 100 per cent. 


Calculation of the Xor.m of the Bacite. 
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8iOo 

- 63.27 

1.054 

174 

228 

144 




109.5 

A1.A 

- 16.50 

.162 

29 

38 

72 





Fe.Pa 

- 0.68 

.005 




5 




FeO 

- 5.10 

.071 



16 

5 

2.5 


47.5 

.MgO 

- 2.48 

.062 







62 

CaO 

- 4.18 

.075 



72 



3 


Na.,0 

- 2.36 

.038 


38 






K./) 

- 2.68 

.029 

29 







TiO, 

- 1.30 

.016 



16 






- 0.15 

.001 






1 


S 

- 0.16 

.005 





5 




23 


398. 





534 


Henry C. Richards: 


Formula. 

SiO. - 

K O. Al. 2 O 3 . 6 SiO., 
. 2 SiO. 

AI.O3 
MlK^.SiOo- 
FeO.SiOo - 
FeO . Fe./Og 
FeO . TiO 2 - 
FeS,, - 

3Ca3P,0,+CaF.2 


Mol. Weight. Mineral. 


Norm. Group. 7. Group. 7o 


Class 

Order 

Rang 

Siib-rang 


.3985 X 
.029 X 
.038 X 

.072 X 

.023 X 
.062 X 
.0475 X 
.005 X 
.016 X 
.0025 X 
.001 X 


60 
556 
524 
278 
102 
100) 
132 'I 
232 
152 
120 
310 


Qnartz 

Orthoclase 

Albite 

Auortliite 

Oornndnni 


24.0 Q 
16.1) 
19.9 [ F 
20 . 0 ) 

2.3 C 


Hyperstheiie 12.6 P 

Magnetite 1.2) 

Ilnienite 2.4 S 

Pyrite 0.3) 

Apatite 0.3) 


M 


24.0 

56.0 

2.3^ 

12.6 

3.6 

0.6 


Sal 82.3 


Fern 16.8 


82.3 

= 1 7 1 > 5 3 = Class II. 


Dosalane 

Quardofelic Anstrare 


Sal 

Fern ”16.8' 

0 + L 24.0 

= p — . <3 5 > 1/7 = Order IV. 

<5/3>3/5 = Rang Ill. Alkali-calcicTonalase 

K. O 29 

' ^ <5 3>3 5 = Sub-rang III. Sodi-potassic Harzose 


Calculation of ForxMul^ of thk ^Iinehals. 


Hiotite. 


Hypersthene. 


Ilmenite. 



Per cent. 

Mol. 

Patio. 

Per cent. 

ilol. 

Ratio. 

Per cent. 

Mol. 



Prop. 



Pro]). 



Prop. 

SiO., - 
TiO., - 

39.8G 

7.95 

G641 
99 J 

^ G.4 

55.22 

9201 

L 16 

67.28 

\ 

841J 

A1.A - 

11.13 

1091 

1 - 1 

4.44 

431 

h I 


1 

FeA - 

1.39 


2.30 

14 J 


/ 

FeO - 

18.10 

2511 

1 

22.33 

3101 


31.92 

443\ 

MgO - 
CaO - 

9.88 

24G 1 
1 

4.2 

14.27 

0.24 

356 

4 

- 12 

0.80 

201 

MnO - 

0.58 

bJ 

1 

0.25 

3 



i 

Na,0 - 

0.35 

5] 

1 





1 

K,0 - 

G.73- 

7l’ 


0.7G 

7 

- 


1. 

r 

H.O - 

3.20 

I78j 

1 

O.OG 

3^ 



J 


Ratio 


1.8 


Formula 2IC0.4RO. R.^O^. GIR)., 3RO. 4RO.. 


RO. 2RO, 


Biotite - - 2 (1 vH) 20.4(F(‘Mg)0 . Aifi ,. G (8iTi)02 

Hjperstliene - 3(FeAlg)(). isiO.j 

Ilnienite - (Ke]Mg)0.2TiCC 
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Comments on the Analyses. 

Dacite .— The composition of this dacite is seen to be quite 
normal, except that perha])s the TiO^ perceiitan^e is a little 
lii<xher than usual in rocks of this type. A comparison of this 
analysis with one of a dacite^ from near Braemar Bouse, Mount 
^facedon, shows tliat the two are almost identical. In com¬ 
position this rock much i*eseinl)les a (]uartz-mica-diorite from 
Ensay,“ Omeo, analysed l)y the late Dr. Howitt, and it is 
interesting- to note that all three fall into the same sub-rang 
when classified according to the American classification — 
viz. : —• 

Class H. — Dosalane. 

Order IV.-—(^)uardofelic. Austrare. 

Rang III. -Alkali-calcic, Tonalase. 

Subrang III. — Sodipotassic, Ilarzosc. 

The Knsay rock, however, nearly passes into subrang iv., while 
both the dacites are well in suhrang iii. 

Pjiotitp. 'Idle Si().„ Fet) and TiCb pcrcentage.s are high, 
while the alumina and alkali percentages are low. This mineral 
in thin sections, under the microseotte shows inclusions of ilme- 
nite, tlins the TiO.^ and Fe() percentages are too high, while all 
the other constituents are correspotidingly low. The biotite 
itself is believed to be titaiiiferrous, so that it is difficult t(> 
know how much TiO^ to assign to the biotite and how much to 
the enclosed ilmenite : consecpiently no deduction was made from 
the analysis for these two oxides, with the result that the UO.> 
and Ho ratios are a little too high. 

The formula for this mineral, according to the analysis, is 
2 Jt.,0.4HO. H./ ).^.6 H( b. So that it is not an ort!iosilicati‘ 
like the typical biotites. 

IJ ypf rsthene. In this analysis the FeO percentage is slightlv 
higher than usual, while the MgD percentage is considerably 
lower than in a normal hyperstheiie, with the result that the 
formula for this mineral is 3lv0.1H0.,. 


1 Annwiil Report of the Secretary for Mines Victoria, I'.Hl?, p. Gl. 

2 Proc. Roy. Soc. Victoria, \ ol. xxii., p. J)0. 
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Ilme?iite- -The TiOa is extremely high, while Fe.^0.^ is 
absent, and MgO is present to a small extent, the FeO percent¬ 
age being about normal. ^ 

The mineral is strongly magnetic, Avhich is rather curious, as 
it is generally stated that only when you get a combination 
with magnetite does the mineral exhibit strong magnetic pro- 
j)erties. The formula for this mineral is RO. 

Determixation of P2O3 IN THE Axalyses. 

In determining this constituent liy the magnesium-pyrophos¬ 
phate method, according to Washington,^ the values obtained 
were obviously high, consequently the method was abandoned, 
and that of Finkener2 by direct determination of the ammonium 
phosi>ho-molybdate, adopted with satisfactory results. Dr. 11. 
I Jensen^ has encountered a similar difhculty and overcome it 
in this manner. 

Calculation of the Mode of the Rock. 

The volume percentage of each mineral in the rock was esti¬ 
mated by Rosiwal’s^ method. The application of this method 
to the rock presented considerable difiiculty on account of the 
hne-grained groundmass, which is made up of quartz, felspar 
and biotite, the average diameter of these grains being onh’ 
.01 mm., and that of the phenocrysts .1 mm. 

in the groundmass the biotite was easily distinguished by its 
colour, while the slight difference in refractive index between 
the quartz and felspar was utilised in discriminating between 
these two minerals. 

Sections were cut from the same samide of the rock as the 
analyses were made from, and as a result of traverses in several 
dii'ections. Out of a total ^ (^lume of (nlSO the volumes of the 
different minerals were as shown in the accompanying table. 
The percentage volumes were then calculated and multiplied 


1 11. S. Washington, “Chemical Analysis of Rocks.” 

2 Treadwell, “Analytical Chemistry,” vol. ii., p. 347. 

,3 I’roc. Linn. Soc., N.S.W., 1907, vol. xxxii., pp. 908, ct seq. 

4 Verhandl d k.k. (icol. Reichsanst, 1S9S, pp. 14.3, et seq. “The Quantitative Classi¬ 
fication of Igncou.s Rocks,” p. 204, 1903. P. hidings, Journal of (Jeology, vol. xii. (1904), 

p. 22.'’). 
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by tlie specific gravities, giving the gravimetric proj^ortions of 
the different minerals from wliich the percentages l)v weight 
were obtained. 

A number of determinations of the felspar phenocrysts by the 
]\richeI-Levy method resulted in the majority of tliem giving 
extinction angles for Ab^ Auj but an occasional one for Ab.^, 
An.^. Tlie specific gravities of hy]>ersthene and ilmenite were 
determined by means of a small sj>ecific gravity bottle, while 
that of the biotite was determined l)y fioating fiakes in any 
position in a solution of Methylene Iodide in benzine, and then 
determining the specific gravity of the solution by a Westphal 
balance. 

The specific gravity of the felspar phenocrysts was determined 
from a knowledge of their composition and reference to tables. 


Calculatiox of Modi:. 



Mineral. 

^’olu^lle. 

Percentaiyre 

Specific 

(Gravimetric 

Mineral 




Volume. 

(iravit.N . 

Proportions. 

centapre. 

1 

rPlagioclase (AbiAuj 

)- 1629 

25.50 

2.68 

68.34 

24.13 

i % 

il ypersthene 

656 

10.27 

3.36 

34.50 

12.17 

a C - > 

Biotite 

628 

9.S3 

3.16 

31.06 

10.96 


Quartz 

84 

1.31 

2.65 

3.47 

1.22 

, 1 

[ilmenite^ - 

40 

0.62 

4.86 

3.07 

1.08 


f Felspar (AIi.^Auh) 

- 1553 

24.31 

2.675 

65.03 

22.95 

^ ia 1 

Quartz 

- 1389 

21.74 

2.65 

57.61 

20.34 

22 

rK 1 

[ Biotite 

410 

6.42 

3 1 6 

20.27 

7.15 



6389 

100.00 


283.35 

100.00 


(iUARTZ. 

FKi,sr.\K. 



Compo- 

(’omi>o- 

sition 


Pheno- Oroiind- Pheno- 

Gronndinass. 


.sition 
,, from 

as 


crysts. mass, crvhts. 

Or. Ab An. ^ 

Hi. 

*'• Mode. 

Ana- 

Ivsed. 

SiO., 

- 1.22 20.31 13.42 

5.2S 5.00 

3.23 6.72 

7.25 

()2.46 

63.27 

Al.,0 

3 - G.83 

1.51 1.42 

2.75 0.55 

1.97 

15.03 

16.50 

FcaO 

3 “ 


0 .2S 

0.25 

0.53 

0.()8 

FeO 



2.72 

3.29 

0.35 6.36 

5.1(1 

iMgO 

- 


1.73 

l.so 

0.01 3.54 

2 . kS 

CaU 

2.51 


1.52 0.03 


4 06 

4. I S 

Na20 

• - 1.37 

O.S6 


0.06 

2.29 

2.36 

K.,0 

- 

1.3S 

0 .( 10 

1 22 

2.69 

2.68 

H^O- 

f - 


0.01 

0.58 

0.59 

0.52 

HoO 



O.OJ 

0.08 

0.09 

0.09 

'liO, 

- 



1.50 

(>.72 2.22 

1.30 

MnO 

• 


0.03 

0.11 

0.14 

0.03 

d’otal 

- 1.22 20.34 24.13 

8.17 7.2s 

7.50 12.17 

18.11 

1.08 lOO.OO 

99.50-2 


1 As Pheiioci-.vsts and in the Hvpersthene. 

2 IncludiJijr O.lo per cent. loOs and 0.16 per cent. S(FeS 2 ). 
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From this table it will be seen how close the microscopically 
estimated chemical composition is to that determined by 
chemical analysis. 

The silica has been slightly under-estimated, but as about 
50 per cent, of the rock is a fine-grained gi-oundniass with grains 
averaging only .01 mm. in diameter, their discrimination by 
means of the difference of refractive index was a matter of some 
difficulty. 

The discrepancies between the Al./).^ })ercpiitages and those 
of the FeO and MgO suggest that the analysis of the por- 
phyritic biotite recorded aljove is not representative of all the 
biotite in the rock. 

Under the microscope, besides the large phcnocrysts of bio- 
tile one sees developed granular masses of what appears to be a 
secondary biotite around the ilmenite, and it has been suggested 
by Pi'ofessoi* Skeats that this secondary mica arises as a result 
of interaction l)etween the ilmenite and fels])ar of the ground- 
mass under certain conditions, and also Ijetween the hyper- 
sthene and groundmass less commonly. If that is the case it 
cannot be assumed that all the biotite throughout the rock is of 
uniform composition, but that at least we have two dift'erent 
kinds of biotite. 

With biotite arising from ilmenite and the groundmass, one 
would expect a low MgO percentage, as the ilmenite is very low 
in this constituent, while the groundmass felspar has none ; if 
this percentage were low the Al.^O.^ value would probably be 
high, so that if one knew what composition to assign to this 
secondary biotite it is highly probable that the Al./).., FeO and 
MgO percentages would be more comparable. 

The alkalies and lime are remarkably close, so that the 
felspars appear to have been correctly determined. 

The ferric-iron and water arc close, while discrepancies arise 
between the and ^InO values. On the whole, however, 

the analyses are as close as one could expect to get them, con¬ 
sidering the structure of the rock and its fine-grained ground- 
mass, and if one could estimate the composition of the secondary 
biotite it is thought that the comparison would be still closer. 

Another point showing tlie closeness of the two analyses is 
that the position of the rock, according to the American classi- 
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fieation, is the same, whether calculated from the norm or 
mode. 


SUM^URY. 

The minerals hyperstlieiie, biotite, and ilmenite occurring in 
the dacite have been separated and analysed. The method of 
separation was a eombination of the use of an electro-magnet 
with heavy liquids and various shaking devices, and gave satis¬ 
factory results. 

These minerals and also the rock were then chemically 
analysed, and formulae obtained f<n' the minerals. 

The norm of the rock was calculated from the chemical 
ftjialysis, the mode of the rock by the ai)})lication of Rosiwal’s 
method, and from this the ehemical composition of the rock 
was estimated microscopically. A close agreement was found 
to exist between the compositions obtained chemically and 
mieroseopieally. 


roxcLusioxs. 

The groiindmass felspar a])}iears to be a mixture of orthoelase 
and a plagioclase (Ab,, An,,,), and is more acid than the felspar 
phenocry.sts, as one would expect. 

In the groiindmass are jiresent all the constituents \vhich, 
together with either ilmenite or hypersthenc are neeessary to 
form biotite, thus supporting the microscopical evidence of the 
secondary origin of some of the biotite. 

It would also appear that the secondary biotite derived from 
the ilmenite and groiindmass contains less magnesia and more 
alumina than the primary bio rite. 

In conclusion, I am much indebted to Professor E. AV. Skeats 
for the kindly interest he has taken in this work, and for the 
great assistance he has rendered me whenever in ditliculties, 
also to Mr. II. J. XTrayson, wdiose ingenuity on many occasions 
simplified matters considerably. 


